FBC = female breast cancer; HSCORE = histological score; MBC = male breast cancer; RFS = relapse-free survival.
Introduction
Breast cancer is the most frequent malignant tumor in the female population, and represents a leading cause of death in women, with a rising incidence recently in western countries. These carcinomas display a long natural history, and a high variability in biological and clinical behavior. Thus, major efforts have been directed at finding new prognostic factors and therapeutic methods, but breast-cancer-related mortality seems to be stable over time [1] [2] [3] . On the other hand, MBC is a very rare disease, with a male-to-female ratio of only 1:99. The incidence pattern of MBC increases logarithmically with age and differs from that seen in women, which shows a decrease at the time of menopause and then increases with age.
The natural history of both tumors is very similar, and histological features seem to be indistinguishable, but epidemiology and hormonal status are very different. Because of the rarity of the disease in men, controlled prospective clinical trials are not feasible; it is unlikely, therefore, that we will ever know as much about MBC as we do about its counterpart in women. The hormonal milieu represents the main difference between both tumors and it is difficult to understand the development of two so histologically similar tumors in such different hormonal environments [4] [5] [6] .
Lysozyme, discovered by Fleming in 1922 [7] , is one of the major protein components of human milk, and has also been detected as a component of the secretion fluid from nonlactating women [8] . This muramidase plays an important role in the primitive nonspecific defense mechanism related to the monocytic-macrophagic system [9, 10] . In nonlactating women, Type I secretions (characterized by containing Zn-α 2 -glycoprotein, apolipoprotein D and gross cystic disease fluid protein-15) are found in most women without breast pathology or with benign breast diseases. Type II secretions contain high concentrations of lactoferrin, lysozyme, and alpha-lactalbumin [11] ; this pattern is found in the majority of women studied who have given birth at some point in the previous four years and in a high proportion of oral-contraceptive users. The Type II pattern was also found in a significant percentage (47%) of breast cancer patients, but only in 7% of healthy women after excluding women who have given birth and OCP users [12] . It is also remarkable that this Type II polypeptide pattern is associated with a peak of prolactin secretion after thyroxine-releasing hormone stimulation test in premenopausal nonlactating women [13] .
Very recent results from our group have demonstrated positive immunostaining for lysozyme in 69.4% of a series of 177 female breast cancers (FBCs), and it has been associated with factors of favorable outcome such as tumor size, nodal status, and histological grade [14] . Apolipoprotein D and pepsinogen C, two androgeninduced proteins, are also expressed by a significant percentage of male breast carcinomas [15, 16] . Both proteins have shown a significant association with factors of favorable outcome in MBC and also a higher expression in MBC when compared with FBC [17, 18] .
The aim of the present study was to evaluate the expression of lysozyme in MBC and to describe the behavior of this protein as a potential tumor marker in males with breast cancer.
Materials and methods

Study population
This study was performed on a group of 60 males diagnosed with invasive breast cancer between 1979 and 1995 and treated at 17 surgical departments in Spain (listed in the Acknowledgements section). The mean age of the patients was 59.3 years, with a range of 26 to 89 years. Histological grade of tumors was determined according to criteria reported by Bloom and Richardson [19] , whereas nodal status was assessed histopathologically. Estrogen receptor content was measured in cytosol extracts using a commercially available kit from Abbott Laboratories (North Chicago, IL, USA). Breast cancers were considered estrogen-receptor-positive if they contained more than 10 fmol/mg total protein.
Surgery was the primary therapeutic method in all patients. The extent of surgery differed according to the surgeon and the institution. Thus, lumpectomy plus axillary dissection was performed in four patients, total mastectomy plus axillary dissection in six cases, modified radical mastectomy in 44 patients, and radical mastectomy in 12 patients. Thirty-four patients received postoperative adjuvant radiotherapy, 31 chemotherapy, and 39 Tamoxifen. Mean follow-up period was 43.9 months, 38.5 months for node-negative tumors, and 44.8 for node-positive carcinomas. During this follow-up period 11 patients developed tumor recurrence, and four of them died of breast cancer. Five patients died of causes unrelated to breast cancer.
We also analyzed the role of lysozyme in benign male breast epithelium, by including in the present study specimens from 15 patients treated for gynecomastia (mean age 42; range 16-69 years).
Methods
Lysozyme purification and antiserum production
Lysozyme was purified from milk of lactating women according to the high performance liquid chromatography procedure. The purity of the obtained antigen was confirmed by automatic Edman degradation after treatment of the protein with pyroglutamate aminopeptidase. Antiserum against the purified protein was raised in New Zealand white rabbits following the method described by Vaitukaitis [20] . The immunized rabbits were bled 6 weeks after protein injection and the obtained serum was dialyzed for 24 hours at 4°C against 20 mM phosphate buffer, pH 7.2. Then, the dialyzed material was chromatographed in a column of diethylaminoethyl cellulose equilibrated and eluted in the same phosphate buffer. Finally, the IgG-containing fractions were collected and stored at -20°C until used.
Immunoblot analysis
Samples were analyzed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) in 13% gels according to the method of Laemmli [21] . The proteins separated by SDS-PAGE were electrophoretically transferred to a Hybond ECL nitrocellulose membrane (Amersham Biosciences, Uppsala, Sweden) at 100 V for 1 hour in a Bio-Rad Trans Blot apparatus (Bio-Rad, Hercules, CA, USA) with a buffer containing 10 mM 3-(cyclohexylamino)-1-propanesulfonic acid, 4 mM NaOH, and 20% (v/v) methanol. After transfer, the filter was dried, blocked in phosphatebuffered saline solution containing 0.1% Tween 20 and 5% dry powdered milk, and incubated with rabbit antibody against human lysozyme diluted 1/1000 in the same buffer. After 1 hour, the filter was washed three times with 0.1% Tween 20 in phosphate-buffered saline, incubated for 1 hour with peroxidase-labeled donkey antibodies against rabbit immunoglobulins diluted 1/1000, and washed as before. The immunoreactive bands were detected with SuperSignal Chemiluminescent Substrate (Pierce, Milwaukee, WI, USA).
Immunohistochemical staining
Immunohistochemical assays were performed on 6-µmthick, formalin-fixed, paraffin-embedded tissue sections using the streptavidin-biotin supersensitive method (Biogenex, San Ramon, CA, USA). Incubation with antiserum against lysozyme (diluted 1/200 in 20 mM phosphate buffer, pH 7.2, and 1% bovine seroalbumin) was performed at room temperature for 30 minutes. Then, slides were incubated for 20 minutes with the second biotinylated antibody obtained from Biogenex. Endogenous alkaline phosphatase was blocked with levamisole (diluted 1/50). The reaction with streptavidin-alcalin phosphatase complex reagent (Biogenex) was performed for 20 minutes at room temperature and the reaction was developed with fast red in Tris-buffer, pH 7.2 with naphtolphosphate. Later, the slides were contrasted with Mayer hematoxylin and mounted in Aquatex (Merck, Darmstadt, Germany). Specificity of staining was determined using controls that involved incubation of tissue sections with buffer alone or with an equal amount of IgG from nonimmunized rabbits. In both cases, there was no significant staining. Furthermore, immunostaining was completely abolished by antiserum preincubation with lysozyme purified from maternal milk as described previously. Tissue sections were scored in a semiquantitative fashion according to the method described by McCarty et al. [22] , which considers both the intensity and percentage of cells staining at each intensity. Intensities were classified from 0 (no staining) to 3 (very strong staining), whereas 10% groupings were used for the percentage of cells that stained positive. For each slide, a value designated as HSCORE was obtained after the application of the following algorithm: HSCORE = Σ (I + 1) × PC, where I and PC represent the intensity and the percentage of cells that stained at each intensity, respectively. The immunostained sections were evaluated independently by two pathologists without knowledge of patients' clinical data at the time of review. Reproducibility of the scoring method between two observers was greater than 90%. The agreement between the two observers is with respect to the consideration of positive or negative tumors, not with respect to the HSCORE values. In the remaining cases, in which discrepancies had been noted, differences were settled by consensus review of corresponding slides.
Statistical analysis
Analysis of differences in lysozyme values between two groups of patients was performed with the Mann-Whitney U test. Relationships between more than two groups were evaluated by the Kruskal-Wallis test. Survival curves were calculated using the Kaplan-Meier [23] method, and differences between curves were evaluated with the Log-rank test [24] . Cox's regression model [25] was also used to examine several combinations and interactions of prognostic factors in a multivariate analysis.
The following variables were included in the analysis: age, tumor size, histological grade, nodal status, and estrogen receptor status.
Selection of prognostic variables was performed with
Cox's model using the stepwise regression option from BMDP software [26] . Statistical significance was established at the P < 0.05 level.
Results
The specificity of the antibody against human lysozyme was tested by western blot. As can be seen in Fig. 1 , the antibody binds a protein with the same electrophoretic mobility as lysozyme in human milk. Thus, the antibody recognizes the lysozyme present in human milk, but does not recognize lysozyme from different species (chicken), nor any other protein present in a tumor cytosol or human serum. This antibody recognizes complete lysozyme, not part of it. Thus, the antibody cannot be blocked by a peptide, and inhibition is only feasible using complete human lysozyme, as shown in Fig. 1 . The concentration of the blocking peptide that would be required cannot be stated because it varies depending on the human milk sample used. It should be measured as concentration per volume (mg/cm 3 ), but the lysozyme we analyzed was measured in solid phase (mg/cm 2 ), and they are not comparable.
Available online http://breast-cancer-research.com/content/4/6/R16 Immunohistochemical staining of MBCs was also done using controls that involved preincubation, after 30 minutes, of the antibody with human milk. Fig. 2 shows representative examples of these controls.
All 15 specimens from patients with gynecomastia showed lysozyme-negative immunostaining. On the other hand, we did not find normal ducts beside the tumors.
A total of 27 of 60 carcinomas (45%) stained positively for lysozyme, with clear differences among them with regard to intensity and percentage of staining cells. The mean HSCORE value was 85.6.
Tumor characteristics (tumor size, nodal status, metastasis status at the time of diagnosis, histological grade and type and estrogen receptor status) are shown in Table 1 . Distribution of lysozyme HSCORE values is shown in Fig. 3 . In the group of 27 lysozyme-positive tumors, one tumor was weakly stained (HSCORE<100), 14 were moderately stained (100<HSCORE<200), and the remaining 12 tumors were strongly positive (HSCORE>200).
The wide variability of lysozyme values obtained suggested a wide variability in biological and clinical behavior of breast carcinomas and the potential value of lysozyme expression as a prognostic marker.
Statistical analysis showed that lysozyme HSCORE values in relation to age, tumor size, nodal status, histological grade, estrogen receptor status, metastasis and histological type did not increase the statistical significance (Table 1) . These facts prompted us to evaluate the potential role of lysozyme as an independent prognostic factor in MBC.
The potential association between lysozyme immunostaining and relapse-free survival (RFS) and overall survival was Immunoblot analysis of the specificity of the antibody: the proteins of several samples were separated by SDS-PAGE under reducing conditions, and transferred to a filter. Then, the filter was incubated with antibody against human lysozyme and developed. The proteins recognized by the antibody appear as dark bands against a uniform background. Molecular mass markers are indicated on the left of the gel but not shown in the gel itself. lysoz. = lysozyme.
Figure 2
Photomicrographs corresponding to the immunostaining of the same male breast tumour (a) using antilysozyme (×100) and (b) using the same dilution of the antibody previously incubated with human milk (×100).
(a) (b)
retrospectively evaluated in 57 male patients without metastasis at the time of diagnosis. First, by statistical analysis, we defined an optimal cut-off value of the ability of lysozyme values to predict the RFS of the study population ( Fig. 4) . Chi-squared analysis led us to define a HSCORE of 100 as the optimal cut-off, with the ability to identify 57.9% of patients as having low or negative lysozyme values (Chi-squared = 5.04; P = 0.0248). Using this cut-off value, relapse was confirmed in 3 of 33 patients (9.10%) with low-level or lysozyme-negative carcinomas, and in 8 of 24 (33.3%) with high-level or lysozymepositive tumors.
Differences between RFS curves for these two groups of patients were significant at level P < 0.05 (Fig. 5 ). Similarly, during the study period there was one death (3%) because of recurrence in patients with lysozyme-low or -negative tumors and three deaths (12.5%) in the group of lysozyme-high or -positive tumors. Differences between overall survival curves calculated for these two groups of patients were not significant (Fig. 6 ). Univariate analysis confirmed that both nodal involvement (P < 0.005) and high lysozyme values (P < 0.05) were significant predictors of short RFS ( Table 2 ). In addition, multivariate analysis according to Cox's regression model showed that nodal status (P < 0.0005) and high lysozyme levels (P < 0.05) were significant independent indicators of RFS (Table 3) .
Discussion
This is, at present, the first report showing the expression and the prognostic role of lysozyme in MBCs, suggesting that lysozyme could represent a new prognostic indicator of unfavorable outcome in MBC.
The different behavior of lysozyme according to sex of patients is remarkable. Whereas this protein has been detected in 7% of fluid secretions from normal healthy women [12] , it is present in 15% of the normal epithelium beside female breast tumors [14] . On the other hand, lysozyme has not been detected in male patients with gynecomastia. Moreover, we did not find normal ducts beside the tumors. Thus, it was impossible to analyze the Overall survival as a function of lysozyme values in 57 males with breast cancer patients. Differences between values were not significant. Determination of the cut-off value of lysozyme able to predict RFS in male breast cancer. χ 2 values obtained for each cut-off value are plotted against the value itself. 
Figure 5
RFS as a function of lysozyme values in 57 males with breast cancer. Differences between curves were significant at P < 0.05. Several biological aspects of lysozyme could contribute to explain the apparent disadvantage conferred by the expression of this protein in MBC and the different meaning of lysozyme in FBC. Lysozyme has been detected in normal female breast tissue and in benign mammary lesions [12] as well as in a subset of female breast tumors (69.4%), in which it has been associated with factors of favorable outcome (histological grade, nodal status, RFS, overall survival) [14] . This association with histological grade may indicate that these female breast tumors possess the required degree of differentiation to synthesize the protein. Milk proteins are synthesized by the mammary epithelium in response to a complex hormonal release during pregnancy and lactation. Although different steroid and peptide hormones cooperate in this process, it is widely accepted that prolactin plays a primary role by increasing transcription of milk genes [27] . Thus, considering that it has been demonstrated that breast cancer cells may show the ability to synthesize a significant amount of biologically active prolactin [28] , we may speculate on a potential relationship between lysozyme and prolactin. In addition, several authors have described prolactin receptor expression in about 50% of breast carcinomas [29] [30] [31] [32] [33] , and shown that receptor expression is more intense in the tumor tissue than in the adjacent normal breast tissue [34] .
It is worthwhile mentioning that the optimal cut-off value of lysozyme able to predict RFS in MBC was 100, the same value we established in our study on the role of lysozyme in FBC [14] . Although the prognosis is different in MBC and FBC, this could suggest that this level of lysozyme has a biological value in breast cancer of both sexes.
It is difficult to find a plausible explanation for the different prognostic meaning of lysozyme in MBC. The easiest explanation could be related to the different hormonal milieux. There are more estrogen-receptor-positive tumors in patients with MBC than in FBC [1] [2] [3] [4] [5] [6] . Moreover, the higher expression in MBC of other hormonally induced proteins, such as Bcl-2, Zn-α 2 -glycoprotein, apolipoprotein D, and pepsinogen C, is also well known [17, 18] .
Another explanation could be that, while the female breast is normally prepared to produce lysozyme, the male breast is not. Thus, its expression by a subset of MBCs may reflect the important transformation undergone by these tissues that results in them behaving as lysozyme-producing carcinomas. This, however, is in contrast with the results of our study, which was unable to show any relationship between lysozyme HSCORE levels and histological grade.
In conclusion, this study demonstrates that lysozyme, a protein normally present in human milk, is expressed by tumor tissue from a significant percentage of males with breast cancer. Moreover, our results show a prognostic significance of lysozyme in MBC with an opposite prognostic meaning of lysozyme in FBC. These controversial results can open new fields in the investigation of the hormonal regulation of breast cancer. Finally, further studies are to be made in order to clarify the induction of lysozyme by prolactin, opening new insights for other modalities of hormonal treatment in breast cancer of both sexes. 
